The polar lipid classes from thylakoids of Nerium oleander L. were studied with the aim of relating chanes in their composition and thermal behavior with reported changes in the transition temperature of their polar lipids and chilling sensitivity of their leaves. With an increase in growth temperature, the tranition temperature of phosphatidylglycerol increased from 16°C to 26°C, and for sulfoquinovosyldiacylglycerol from 19°C to 24°C. Transitions in the other lipid chsses were below -10°C for plants grown at both growth temperature. The major changes in the molecular species of phosphatidylglycerol with increasing growth temperature, were an increase in 1-oleoyl-2-pahmitoyl phosphatidylglycerol from 21 to 39% and a decrease in 1-oleoyl-2-trans-3-hexadecanoic phosphatidylglycerol from 51 to 25%. Although the disaturated species increased from 8 to 23%, the mmum was less than that reported for chilling-sensitive plants. There was no change in the sum of the palmitic, hexadeca-trans-3-enoic and stearic acids. Dipalmitoyl sulfoquinovosyldiacylglycerol increased from 12 to 20% and 1-linolenoyl-2-palmitoyl sulfoquinovosyldiacylglycerol decreased from 40 to 30%. It is concluded that the increase in the transition temperature of the polar lipids and the sensitivity of acclimated oleander plants to chilling could not be predicted by the absolute sum of the saturated fatty acids or disaturated molecular species in phosphatidylglycerol. The polar lipid transition appears to be a product of mixing of both high and low melting-point lipids.
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Plants which are sensitive to chilling show symptoms of injury when exposed to low, but nonfreezing temperatures (the chilling range, 15-0°C). The critical temperature below which this injury develops correlates with that of a phase transition in the polar lipids from membranes of these plants (18, 19, 22) . The membrane polar lipids of chilling-insensitive plants do not undergo a phase transition above zero (19, 22) . Thus, the sensitivity of a plant to chilling injury can be specified in terms of the temperature of this transition which is detectable by several physical techniques (18) (19) (20) 23) . This avoids the uncertainties inherent in describing the thermal response of plants based on their climatic distribution.
A phase transition, in the chilling range, can be induced in leaf polar lipids of chilling-insensitive plants by the addition of a small amount of a high melting-point, disaturated phospholipid such as DPPG' (22) . For sensitivity to chilling, the temperature of the transition was related to the proportion oflipid that contained dipalmitate (22) . Thus, it was postulated that DPPG is a likely initiator of the phase transition in leaf polar lipids (22) .
Murata et al. found that chilling sensitivity generally correlated with a high proportion of both saturated fatty acids and disaturated molecular species in PG (13, 14) . Further surveys (6, 15, 17, 24) , involving larger numbers of species, generally supported this correlation though there were a few exceptions. For these surveys (6, 13-15, 17, 24) , the classification ofa plant as sensitive or resistant to chilling was based on either their climatic distribution or their reported physiological response to a chilling stress. The critical temperature below which injury develops and/or the temperature of the transition in the leaf polar lipids was not determined. Comparisons ofthe chemical and thermal properties of membrane lipids on the one hand and the susceptibility of plants to chilling on the other, were predicated on the assumption that sensitivity to chilling is directly related to a phase transition in the membrane polar lipids (14) . Since the transitions were not determined, these surveys only provide information about the composition of PG from a wide variety ofplant species. The lack the details necessary to draw definitive conclusions about the relationship between lipid composition and the sensitivity of the plant to chilling.
As an initial step in understanding the relationship between chilling sensitivity and the properties of membrane lipids, the composition and thermal properties of the thylakoid polar lipids of Nerium oleander L. (oleander) were examined. Oleander is a perennial that grows over an extremely wide range of temperatures (2) . The transition temperature ofthe thylakoid polar lipids can be altered by varying the growth temperature such that a clone can be produced with a transition typical ofeither chillingsensitive or chilling-insensitive plants (23 High Performance Liquid Chromatography. The p-methoxybenzoate derivatives of PG and SQDG (1 mg) were produced as described in (5, 9). The derivatives were dissolved in 100 ul acetonitrile and 5 to 10 Ml aliquot was injected onto a 150 x 3.9 mm Resolve, reverse phase, stainless steel column (Waters Associates). The molecular species were separated isocratically using acetonitrile:isopropanol 65:35 solvent mixture at a flow rate of 0.5 ml min-' (3) . As the methoxybenzoate ring is the only absorbing structure in the molecule at 254 nm, direct quantitation was made by cutting out and weighing each peak (Table   III) . The molecular species were identified by comparison of retention times with those of standards as well as from a plot of relative retention time as a function of carbon and double bond numbers in acyl pairs (3, 4) .
RESULTS
The polar lipids from the thylakoids of oleander have been shown to undergo a phase transition which increases from about (Fig. 1) . As hydrated suspensions of MGDG do not form lamellar phase (26) its thermal behavior was not examined. Table I lists the amount of total and polar lipids as well as the proportion of each lipid class found in the thylakoids ofoleander. Apart from the small amount of PE and PI, the polar lipid classes present are typical of thylakoids (8) . The results show that there was no significant increase in the amount of total or polar lipid or any of the lipid classes with the increase in growth temperature. PE and PI are not considered constituents of the thylakoid membranes (8) and they do not undergo transitions above -10C (data not shown) and therefore they were not further investigated. Table III shows the molecular species analysis of PG and SQDG from thylakoids of 20'-and 45'-plants. For PG, there was an increase in l-oleoyl-2-palmitoyl PG from about 21 to 39% and a decrease in I-oleoyl-2-trans-3-hexadecanoyl PG from about 51 to 25%, with an increase in growth temperature. There was an increase in the proportion ofall the desaturated molecular species with dipalmitoyl PG increasing to the greatest extent from about 2.6 to 1 1%. The sum of the desaturated molecular species in PG increased from 8 to 23%. For SQDG, the major changes in molecular species was an increase in the proportion of dipalmitoyl SQDG from 12 to 20% and a decrease in that of linolenoyl-palmitoyl SQDG from 40 to 30%.
The positional distribution ofthe fatty acids of SQDG was not determined as the HPLC system used to analyze the molecular species of SQDG and PG does not separate positional isomers. However, for PG from thylakoid membranes, it has been established (14) that C18 fatty acids are esterified exclusively to the C-I position of the glycerol moiety while t 16:1 is esterified exclusively to the C-2 position and 16:0 can be esterified to both the C-1 and C-2 positions. Thus, the molecular species of PG are limited to the positional distribution shown in Table III except for the small amount of 18:1/18:0 which could also be 18:0/18:1 with respect to the C-1 and C-2 positions.
DISCUSSION
As Nerium oleander is a desert perennial which is able to acclimate to different growth temperatures (2), it would not normally be considered a chilling sensitive plant. However, when oleander is grown under a 45°C/37°C day/night regime, the polar lipids undergo a phase transition at about 7°C which is typical of a chilling-sensitive plant (20, 23) . As well, measurements of the photosynthetic capacity of 45°-plants show that marked inhibition occurs when leaf tissue is illuminated at temperatures below about 8°C (10) . This physiological response is typical of a chilling-sensitive plant (10) . Thus, in respect of the thermal properties of their polar lipids and the physiological response of their leaf tissue, 45°-plants behave similarly to chilling-sensitive plants. Thylakoids from plants grown at 20°C/15°C do not show a polar lipid transition above zero nor do they show any inhibition of photosynthetic capacity in the chilling range (10). Thus, 20°-plants behave similar to chilling-insensitive plants. Since, for oleander, there is a good correlation between the transition temperature and the response of the tissue to chilling (10), thylakoids from the two temperature groups provide ideal material for investigating the relation between the composition and phase behavior of the membrane polar lipids and the susceptibility of the plants to chilling. This avoids the complexities inherent in comparisons of plants from different species.
The polar lipids of plant membranes are heterogeneous with respect to lipid class and these classes contain many molecular species (8) . It follows that the transition in the thylakoid polar lipids, in the chilling range, could well be the result of the mixing of a number of particular lipids of varying thermal properties. Therefore, an initial step in understanding the factors which regulate the shift of the transition is to examine the relation between the magnitude of the shift in the transition and factors such as changes in the quantity of total and polar lipids as well as the thermal behavior and molecular species composition of the lipid classes. The shift of about 10 C degrees in the transition temperature ofthe polar lipids ofoleander, with change in growth temperature (23) , cannot be attributed to changes in either the quantity of lipid or the percentage of any lipid class (Table I) . With regard to the thermal behavior of the lipid classes, PG and SQDG (Fig. 1) shifted their transition in the same direction as that of the polar lipids (23) suggesting that PG and SQDG play a role in regulating the temperature of this transition. For SQDG and PG, the transition temperature is between 18°C and 30°C ( Fig. 1) , well above 10°C, the maximum temperature for the transition in the polar lipids (23) . Therefore, the SQDG and/or PG must mix with lower melting-point lipids to produce the transition in the polar lipids at temperatures in the chilling range. Thus, neither PG nor SQDG, alone, could be the determinant of the transition temperature. The lower melting-point lipids, are probably derived from the DGDG, MGDG, and PC classes which undergo transitions well below zero (Fig. 1) . This conclusion is supported by reconstitution experiments which showed that, for mung bean ( Vigna radiata), all the constituent lipid classes need to be present to produce a transition at the same temperature as that of the original polar lipids (22) . Thus, in studies aimed at determining how the composition and thermal properties of the membrane polar lipids might relate to the sensitivity of plants to chilling, it is important to consider all of the lipids since they could all influence the temperature of the transition.
The thermal behavior of a lipid class is governed, primarily, by the melting point and positional distribution of its constituent fatty acids (11) . It has been recently found that dipalmitoyl SQDG undergoes a transition at 42°C (4) . Thus, the increase in the transition temperature of the SQDG (Fig. 1) , with an increase in growth temperature, is consistent with the increase in the proportion of this desaturated molecular species from 12 ± 3% to 20 ± 3% (Table III) . The presence of a significant proportion of this high melting-point disaturated molecular species (Table   this lipid (Fig. 1) . Thus, SQDG could be the main lipid component involved in the phase transition in the thylakoid polar lipids in the chilling range, a conclusion contrary to that of Murata and Hoshi (16) which was based on the results of an analysis of a number of plant species.
For similar comparisons between the fatty acid composition of PG and its transition temperature, consideration must be given to the change in the amount of t 16:1 present in PG. Due to the physical constraints imposed by the trans double bond and its position in the acyl chain, it is probable that t 16:1 has similar thermal properties to 16:0 (14) . Murata et al. (14) postulated that the PG from leaf polar lipids of plants considered susceptible to chilling injury, contain a higher proportion of 16:0 plus t 16:1 fatty acids than those considered insensitive to chilling. Roughan (24) extended this proposition to include 18:0 and found that there were several exceptions in comparisons between sensitive and insensitive species from different genera. The increase in the transition for the PG, with an increase in growth temperature (Fig. 1) , correlates with the increase in the percentage of 16:0 (Table II) . The proportion of t16:1 decreased under the same conditions and 18:0 remained unchanged (Table II) . Thus, even though the 20°-and 45°-plants are genetically the same, but differ in their sensitivity to chilling, there is no significant change in the sum of the saturated fatty acids in PG; that is 56 ± 3% and 61 ± 4% (mean ± SD), respectively. In addition, for a comparison of two populations of mangroves, Avicennia germinans, which vary in their tolerance to chilling (17) , the sum ofthe saturated fatty acids in PG was similar. Thus, knowing the fatty acid composition of the lipid classes would not necessarily allow prediction of the transition temperature of the polar lipids and thus the sensitivity of the plants to chilling injury.
Murata (13) found that the proportion of dipalmitoyl plus 1-palmitoyl-2-trans-3-hexadecanoyl in PG, was higher for chillingsensitive plants, ranging from about 25 to 65%, than for chillinginsensitive plants in which they made up only about 3 to 19% of the PG molecular species. On this premise, both the 20°C-and 45°C-plants would be classified as chilling-insensitive as their PG contains only about 7 and 16%, respectively, of these molecular species. Similarly, Norman et al. (17) found that even though there was a high proportion of saturated molecular species in the PG from a chilling-sensitive population of mangrove, the high absolute value for the sum of the saturated molecular species of the PG from a chilling-insensitive population of the species, would have also classified it as a chilling-sensitive plant (13) . Thus, the view that sensitivity to chilling is related to the absolute level of disaturated molecular species in PG, as proposed by Murata (13), is not substantiated in the comparisons of species which acclimate in their susceptibility to chilling.
It is important to note that in only one study was the composition of PG related to its transition temperature ( 15) . Furthermore, in none of these studies was the sensitivity of the plants to chilling categorized in terms of the temperature of the phase transition in the membrane polar lipids. For oleander, the relationship between the temperature of the transition in the thylakoid polar lipids and the molecular species composition of PG is only in partial agreement with Murata's hypothesis (13) (14) (15) . Furthermore, to produce a transition in the polar lipids at the temperatures usually associated with chilling injury (0-1 5C), it would be necessary for the PG to mix with some low meltingpoint lipid component. Thus, until it is known how the high and low melting-point lipids combine to produce the transition in the chilling range, it would be inappropriate to attempt to predict sensitivity to chilling of a plant from the proportion of saturated fatty acids or disaturated molecular species in PG or in any other lipid class. III) also explains the high transition temperature observed for
